The baboon oviductal epithelium differentiates into a tall columnar epithelium consisting of ciliated and secretory cells during the follicular phase of the menstrual cycle in response to rising oestradiol levels. The apical tips of these secretory cells are filled with membrane-bound secretory granules. During the luteal phase when progesterone levels are elevated, the epithelium regresses and deciliation occurs. Analysis of secretory proteins obtained from explant culture media by SDS-PAGE followed by fluorography or Western blots has revealed that the baboon oviduct synthesizes and secretes a high molecular weight glycoprotein during the follicular phase of the cycle. Immunocytochemistry demonstrated that this oviductal glycoprotein is localized to the secretory granules of epithelial secretory cells, is oviduct specific, and that following secretion the oviductal
Introduction
The mammalian oviduct provides an environment that supports the gametes, the process of fertilization, early embryonic development and the delivery of a viable embryo to the uterus. The lumen of the mammalian oviduct is formed by a complex interdigitating system of longitudinal mucosal folds. These longitudinal mucosal folds are lined by a simple columnar epithelium, and the morphological and biochemical characteristics of this epithelium are controlled by the ovarian steroids in the primate (Verhage et al., 1979 (Verhage et al., , 1990 Brenner and Slayden, 1994) . Our research has focused on the morphological and biochemical characteristics of the secretory cell in the oviduct of the baboon. Our intention in this article is to summarize Figure 1 . Oviductal epithelial cells obtained from an untreated ovariectomized baboon. Note the high nucleo-cytoplasmic ratio and absence of cytoplasmic organelles. The nucleus is pleomorphic and the apical plasma membrane lacks extensive microvilli. Ampulla, ×5100.
our data on the morphological and biochemical characteristics of the secretory cell of the baboon oviduct and compare these data to those published on the mammalian oviduct in other species, particularly the human.
Animals
Oviducts were obtained from normal cycling baboons (Papio anubis) at the early and late follicular, and mid and late luteal stages of the menstrual cycle. The stage of the menstrual cycle was based on the previous menstrual history, last menses, sex skin tumescence, visual observation of the ovaries at the time of laparotomy, and histology of the oviduct. Oviducts were also obtained from mature ovariectomized baboons treated with various steroid regimens administered via Silastic capsules. Ovariectomized baboons were left untreated, or treated with oestradiol (∼160 pg/ml) for 14 days, or primed with oestradiol for 14 days and then treated with oestradiol (~50 pg/ml) plus progesterone (~8 ng/ml) for an additional 7 or 14 days . The plasma concentrations of steroids produced by these implants were within the physiological range for the baboon (Kling and Westfahl, 1978; Fazleabas et al., 1988) .
Morphology
Thin sections of immersion-fixed and Araldite-embedded oviducts were examined with an electron microscope (Verhage et al., 1979) . The oviductal epithelium in baboons ovariectomized for at least 2 months was fully regressed and consisted of a single layer of cuboidal cells essentially devoid of cilia and with no evidence of secretory activity (Verhage et al., 1990) . The nuclear membrane formed deep folds, and the nucleoplasm was characterized by patches of heterochromatin. A small Golgi apparatus, clumps of mitochondria and numerous free ribosomes were present in the cytoplasm (Figure 1) . A mature epithelium, consisting of fully differentiated ciliated and secretory cells, was present in oviducts obtained from late follicular phase and oestradiol-treated baboons (Verhage et al., 1990) . The nuclei of the secretory cells were large ovoid structures located centrally within the cell. The nucleolus was prominent, and some condensed chromatin was evident, particularly in the region adjacent to the nuclear membrane. Within the mature secretory cell, the compartmentalization of the organelles associated with secretion was very uniform and characteristic of secretory cells in general (Figure 2 ). The infranuclear cytoplasm contained long profiles of moderately dilated smooth endoplasmic reticulum (SER) and scattered mitochondria. The Golgi apparatus was located immediately above the nucleus, and frequently three or four areas of large flat sacs or cisternae stacked on one another could be observed. On the maturing face of the Golgi complex, many circular membrane-bound vesicles of different sizes filled with various densities of flocculent material were found. These vesicles may have been the newly formed and maturing secretory granules. Numerous profiles of SER and secretory granules of varying densities were found in the cytoplasm apical to the Golgi region. Occasionally a secretory granule was observed fused with the apical membrane, or the apical membrane had ruptured and the product within the granule was being released into the lumen, suggesting a merocrine type of secretion. The secretory cells lining the lumen of the oviduct formed apical protrusions which extended beyond the apical plasma membrane of the surrounding ciliated cells. Most of the secretory granules in these cells were found in these apical extensions. Apical protrusions were less distinct in the secretory cells found in the crypts of the longitudinal mucosal folds. In these secretory cells, the granules were scattered throughout the supranuclear cytoplasm (Verhage et al., 1990) . While the ultrastructural characteristics of the secretory cells in the ampulla and isthmus were similar, the secretory granules were larger in the cells of the isthmus and occupied a greater proportion of the apical cytoplasm ( Verhage et al., 1990) . Secretory granules of different electron densities were found in both regions of the oviduct and also within the same secretory cell. A few granules with internal lamellar structures were also observed; these were similar to the lamellar-type granules observed in the oviducts of pig-tailed monkeys (Odor et al., 1983) .
Compared to the mature secretory cell, regressive changes were evident within the ampullary and isthmic epithelium obtained from oestradiol-primed, oestradiol plus progesterone-treated baboons in the luteal phase. However, dramatic differences were observed between the ampulla and isthmus obtained from the same animal. The ampullae obtained from oestradiol-primed, oestradiol plus progesterone-treated animals at the late luteal phase were fully regressed. The cell height and percentage of non-ciliated cells approached those observed in the long-term ovariectomized animals (Verhage et al., 1990) . It was difficult to find secretory granules in the non-ciliated cells, and when observed they were small and generally in the apical cytoplasm (Figure 3 ). However, within the isthmus from the same animals, only a modest reduction in cell height was observed, and many of the non-ciliated cells still contained secretory granules. Apoptotic bodies were observed in both the ampulla and isthmus. Early stages of apoptosis showing condensation and margination of the chromatin, condensation of the nucleolus, and fragmentation of the nucleus were observed, as well as later stages showing nuclear and cytoplasmic degeneration. Cell death by apoptosis is a characteristic feature of the steroidwithdrawn and progesterone-treated oviductal epithelium (Verhage et al., 1984 (Verhage et al., , 1990 Brenner and Slayden, 1994) .
Quantitative data obtained from the oviductal epithelium in cycling animals suggested that most ciliated and secretory cells in the ampulla underwent a complete differentiation-dedifferentiation sequence with each menstrual cycle (Verhage et al., 1990) . In contrast, the cyclic sequence was much less dramatic in the isthmus and appeared to be limited primarily to the secretory cells.
The cyclic changes of the oviductal epithelium observed both during the menstrual cycle and with steroid treatment of ovariectomized baboons were similar to those reported for Maccaca mulatta (Brenner, 1969; Brenner et al., 1974) , M. nemestrina (Odor et al., 1980) , and M. fasicularis (Brenner et al., 1983) . The data are also in agreement with a recently published detailed transmission and scanning electron microscopic study of the baboon oviduct (Odor and Augustine, 1995) . The ultrastructure of the mature secretory cell of the human oviduct was very similar to that described above for the baboon (Verhage et al., 1979; O'Day-Bowman et al., 1995) . The secretory cells in the human oviduct contained well-developed Golgi, apical and basal dilated cisternae of endoplasmic reticulum and numerous mitochondria. Some secretory cells also had several secretory granules which were located just within the apical plasma membrane. However, many of the mature secretory cells did not have apical secretory granules, unlike the secretory cells in the baboon, where almost every apical tip has numerous secretory granules.
Secretory proteins
Explant culture media from the oviducts of cycling baboons were obtained after 24 h of culture in the presence of labelled leucine (Fazleabas and Verhage, 1986) , methionine or glucosamine , and analysed by reduced one-dimensional sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), followed by fluorography. Three major products, with approximate M r of 160 000, 110 000-130 000 and 90 000, were synthesized and released into the culture medium ( Figure 4 ). The 160 kDa band was present during all stages of the menstrual cycle, but appeared to decrease in intensity during the late luteal stage. The 110-130 kDa band was the most intense during the late follicular stage, and formed an intense diffuse band around the time of ovulation. The 90 kDa band was the most intense during the mid-luteal stage and was only slightly detectable at the late luteal stage. Additional synthetic activity was evident in lower M r (43 000) macromolecules; however, the synthesis of these proteins did not appear to undergo any consistent changes during the menstrual cycle.
Oviducts were also obtained from ovariectomized baboons and those subsequently treated with ovarian steroids and cultured in the presence of labelled methionine or glucosamine . The synthetic activity was essentially limited to the same regions observed on the one-dimensional SDS-PAGE fluorographs from intact animals. The most intense labelling with both methionine and glucosamine was observed in the animals treated with oestradiol. The 110-130 kDa band was absent in untreated ovariectomized and in oestradiol-primed, oestradiol plus progesteronetreated animals.
In oestradiol-treated animals the 110-130 kDa band was resolved into two major isoelectric variants on isoelectric focusing (IEF) two-dimensional SDS-PAGE, a 120-130 kDa protein with a pI ~8, and a 110-120 kDa protein with a pI ~4.5 . These proteins were either greatly reduced in intensity or absent in oestradiol-primed, oestradiol plus progesterone-treated animals.
One-dimensional SDS-PAGE fluorographs of human oviduct culture medium also showed one major menstrual stage-specific protein . The protein was in the 120-130 kDa region and was intensely labelled in all midcycle oviduct samples when either labelled methionine or glucosamine was included in the culture medium. IEF two-dimensional SDS-PAGE fluorographs resolved the 120-130 kDa proteins into two major isoelectric variants, one basic with a pI ~8 and the other acidic with a pI ~4.5. The 120-130 kDa protein was greatly reduced in intensity or absent in human oviduct samples obtained during the late luteal stage, similar to what was observed in the baboon.
Other investigators have characterized an oviductal glycoprotein in other species, including the mouse (Kapur and Johnson, 1986; Kim et al., 1996) , rat Abe, 1996) , hamster (Araki et al., 1987; Leveille et al., 1987; Kan et al., 1990) , rabbit (Oliphant et al., 1984) , pig (Buhi et al., 1991 (Buhi et al., , 1993 , sheep (Sutton et al., 1986; Gandolfi et al., 1989 Gandolfi et al., , 1991 Murray, 1992; Murray et al., 1995) , cow (Boice et al., 1990a; Killian, 1991, 1992) and goat (Abe et al., 1995a) . The molecular weight of these oviductal glycoproteins based on one-dimensional SDS-PAGE is species-specific; however, the acidic and basic isoelectric variants are found in all the species examined to date (Malette and Bleau, 1993) .
Antibody production and Western blot analysis
A rabbit anti-baboon oviductal glycoprotein (OGP) polyclonal antibody was generated to the OGP released in oviductal explant cultures (Verhage et al., 1989) . Proteins present in the medium after culture of an oviduct from an ovariectomized baboon treated with oestradiol for 14 days were separated by one-dimensional SDS-PAGE, and immediately transferred to nitrocellulose membranes. The 110-130 kDa band was cut out of the nitrocellulose paper and dissolved in dimethylsulphoxide as described by Knudsen (1985) . Approximately 100 µg of protein were dissolved in 500 µl dimethylsulphoxide and an equal volume of Freund's complete adjuvant and injected intradermally into a male rabbit. Booster injections consisting of ~100 µg protein emulsified in Freund's incomplete adjuvant were given at 2-week intervals. Recently, a polyclonal antibody to an OGP-multiple antigenic system (MAP) was generated using the same technique. MAP consists of a heptalysine core matrix and radially branching dendritic arms of a synthetic peptide sequence forming a macromolecule of ~10 000. A 17 amino acid (amino acids 73-89 of baboon OGP; M59903; Jaffe et al., 1996) peptide was selected for the dendritic arms of OGP-MAP. The polyclonal antibody, rabbit anti-OGP-MAP, was generated. Rabbit anti-baboon-OGP very likely recognizes the carbohydrate moieties of the oviductal glycoprotein, and possibly the protein core, whereas rabbit anti-OGP-MAP only recognizes the protein core.
Proteins in an aliquot of tissue culture medium from an untreated ovariectomized animal, an oestradiol-treated ovariectomized animal and an oestradiol-primed, oestradiol plus progesterone-treated animal were separated by one-dimensional SDS-PAGE, visualized by Ponceau-S and analysed for those antigens that were recognized by antibaboon-OGP (Verhage et al., 1989) and anti-OGP-MAP ( Figure 5 ) by Western blot. No serum proteins cross-reacted with the polyclonal antibodies, whereas an intense band was observed in the 110-130 kDa region in tissue culture media from the oestradiol-treated animal. This band was absent in tissue culture media from explant culture of untreated ovariectomized and the oestradiol-primed, oestradiol plus progesterone-treated animals. Rabbit anti-baboon-OGP also cross-reacted with the two major basic and acidic 110-130 kDa antigens on IEF-two-dimensional SDS-PAGE analysis of tissue culture from oestradiol-treated animals (Verhage et al., 1989) .
Cyclic variation in the oviductal content of the 110-130 kDa antigens was also determined by Western blot analysis of flushings and culture media of oviducts obtained from cycling animals (Verhage et al., 1989) . Immunoreactivity was observed in the 110-130 kDa region in oviduct flushings obtained from follicular stage animals and not in flushings from luteal stage animals. A broad band of strong immunoreactivity was also observed in the 110-130 kDa region of oviduct culture media from these same follicular stage animals, and, unlike the flushings, some immunoreactivity persisted in culture media from luteal stage animals. This is likely due to residual product still present within these secretory cells at this menstrual stage.
Immunocytochemistry
The oviductal glycoprotein was localized on 1 µm plastic-embedded sections of the ampulla using a modified peroxidase-antiperoxidase immunocytochemical procedure (Verhage et al., 1989) . Immunoperoxidase staining was only observed in the oviducts obtained from the oestradiol-treated baboons (Verhage et al., 1989) . Immunoperoxidase staining appeared to be limited to discrete circular structures found in the apical blebs of the secretory cells. This staining pattern corresponded to the distribution of the secretory granules in the apical blebs of these same cells. Immunostaining was absent in the ciliated cells. Untreated ovariectomized or oestradiol-primed, oestradiol plus progesterone-treated animals showed no immunoreactivity.
Thin sections of the ampulla and isthmus from cycling and steroid-treated animals were analysed for the presence of the 110-130 kDa glycoprotein using an indirect immunogold technique (Verhage et al., 1990) . The polyclonal antibody anti-baboon-OGP was used as the primary antibody. In the oviducts obtained from the oestradioltreated animals, specific clustering of gold particles ( Figure 6 ) was observed over every secretory granule, regardless of size or density, in both the ampulla and isthmus. The specific aggregation of the gold particles was not observed over any other cytoplasmic compartment or organelle of either secretory or ciliated cells. The clustering of gold particles over the secretory granules was absent when pre-immune serum was substituted for anti-baboon-OGP. A few secretory granules were still present in the isthmus of the oviducts obtained from late luteal animals . The apical tip of a mature secretory cell which includes several secretory granules. The tissue section was subjected to an indirect immunogold method to detect oviductal glycoproteins (OGP) using anti-baboon-OGP as the primary antibody. Note specific clustering of gold particles over every secretory granule and the general absence of gold particles over the surrounding cytoplasm. Ampulla, ×45 000.
and from oestradiol-primed, oestradiol plus progesteronetreated animals. The specific clustering of gold particles was also observed over the secretory granules remaining in these progesterone-dominated animals. Secretory granules were absent in epithelial cells obtained from untreated ovariectomized animals, and, as expected, no specific clustering of gold particles was observed.
A polyclonal antibody generated against the human oviductal glycoprotein (Rapisarda et al., 1993) was used to localize the 120-130 kDa protein within the human oviductal secretory cells using an indirect immunogold technique (Rapisarda et al., 1993; O'Day-Bowman et al., 1995) . Gold particles were specifically localized over the secretory granules in both the ampulla and isthmus and absent over all other cytoplasmic organelles. Also, oviduct sections incubated with pre-immune rabbit IgG lacked specific gold particle aggregates. These results are identical to those observed in the baboon. Immunocytochemical studies by other investigators have localized the oviductal glycoprotein to the secretory cells in the hamster (Kan et al., 1989; Abe and Oikawa, 1990; Roux and Kan, 1995) , rat , cow (Boice et al., 1990a; , sheep (Gandolfi et al., 1991 (Gandolfi et al., , 1993 Murray, 1992) , pig (Buhi et al., 1993) and goat (Gandolfi et al., 1993) . However, the localization of the oviductal glycoprotein is limited to the secretory cells of the fimbria and ampulla in the sheep (Murray, 1992) and pig (Buhi et al., 1993) .
Collection of eggs and embryos
Ovarian and oviductal eggs were obtained from baboons in which multiple follicular development and superovulation were induced as described by McCarthy et al. (1991) . Oviductal oocytes and/or embryos were obtained by retrograde lavage of the oviduct. Ovarian ova were obtained by aspiration of large follicles (>5 mm in diameter) using a 20-gauge needle attached to a heparinized 3-ml syringe.
Localization of the oviductal glycoprotein in eggs and embryos
Immediately after recovery, ova and embryos were subjected to an indirect immunofluorescent assay using immunoglobulin (IgG) purified from anti-baboon-OGP to determine if the 110-130 kDa proteins were associated with recovered oocytes (Boice et al., 1990b) . When viewed by fluorescence microscopy, ovulated 1-cell ova subjected to the indirect immunofluorescent assay exhibited intense fluorescence for the 110-130 kDa antigens that appeared to be localized within the zona pellucida, whereas ovarian Figure 7 . An electron micrograph of the zona pellucida and perivitelline space of a baboon oviductal egg subjected to an indirect immunogold method to detect oviductal glycoproteins (OGP) using anti-baboon-OGP as the primary antibody. Note the presence of gold particles uniformly dispersed over the zona pellucida (ZP) and associated with the substance found in the perivitelline space (PVS). ×17 800. ova showed no localized fluorescence. Two-cell and 4-cell embryos collected from superovulated baboons along with a 2-cell embryo obtained from a normally cycling animal displayed fluorescence associated with the zona that was similar to that seen in 1-cell oviductal ova.
At the ultrastructural level, colloidal gold immunolabelling for the 110-130 kDa antigens was evident in the zona pellucida of all oviductal eggs assayed (Figure 7 ; Boice et al., 1990b) . Gold particles were distributed homogeneously throughout the width of the zonae, with occasional groupings of particles. Very few gold particles were observed in sections that were treated with the IgG fraction isolated from the pre-immune serum. The flocculent material, which was present as discrete islands in the perivitelline space in the 1-cell unfertilized egg and 2-cell embryo obtained from one baboon, was distinctly labelled with gold particles. Additionally, in the 3-cell embryo obtained from a different animal, the perivitelline space material that appeared amorphous in structure was heavily immunolabelled, as was the zona pellucida. Immunoreactivity was associated with the vitelline membrane of all oviductal ova.
Oviductal glycoproteins characterized in mice Johnson, 1986, 1988; Kim et al., 1996) , hamsters (Kan et al., 1988; Oikawa et al., 1988; Kan and Roux, 1995) , sheep (Gandolfi et al., 1989 (Gandolfi et al., , 1991 Murray et al., 1995) , pig (Buhi et al., 1991 (Buhi et al., , 1993 and cow (Wegner and Killian, 1991; Boice et al., 1992) also interact with postovulatory ova and early embryos in vivo. Additionally, human oviductal glycoprotein associates with human ovarian oocytes when incubated in vitro . The oviductal glycoprotein associates with both the zona pellucida and perivitelline space in all these species except for the mouse, where the association appears to be limited to the perivitelline space Johnson, 1986, 1988; Kim et al., 1996) . Collectively, these data suggest that the addition of oviduct-specific macromolecules to oviductal eggs is a phenomenon common to all mammalian species.
cDNA
A λZapII cDNA expression library was constructed from poly(A) + RNA obtained from ovariectomized baboons treated with oestradiol for 14 days (Donnelly et al., 1991) . The polyclonal antibody generated against the 110-130 kDa glycoprotein identified a single positive plaque among the ~100 000 plaques screened. After several rounds of plaque purification, the insert from the positive λZapII recombinant phage was subcloned into pBluescript. Sequence analysis proved the clone to be a 1232 bp segment of the 3' cDNA end. Complementary DNA clones representing the remainder of the mRNA were generated by using 5' RACE (Rapid Amplification of cDNA Ends) (Frohman et al., 1988; Ohara et al., 1989) . The complete coding sequence for the baboon oviductal glycoprotein was 2228 bp in length plus a poly(A) tail . The codon for the first methionine of the longest open reading frame began at position 13 and extended to position 1881. The 623 amino acids coded for in this open reading frame would produce a peptide core of 69.3 kDa (Figure 8 ). There was a short (12 nucleotide) 5' untranslated region and a longer (347 nucleotide) 3' untranslated region. A search for homologous sequences in the GenBank database using BLASTN and BLASTP showed that the baboon oviductal glycoprotein sequence was homologous to that of the human [GenBank Accession no. U09550 (Arias et al., 1994) ], bovine [D16639 (Sendai et al., 1994) ], ovine [U16719 (DeSouza and Murray, 1995b) and U17988 (Marshall et al., 1996) ], pig [U43490 (Buhi et al., 1996) ], hamster [U15048 and D32218 ] and mouse [D32137 ] oviductal glycoprotein sequences at the nucleotide and amino acid level. A comparison of the derived amino acid sequences of various mammalian oviductal glycoproteins reveals two distinct regions (Figure 9 ). The derived amino acid sequences extending from the amino terminal end of the baboon glycoprotein to about amino acid 385 have a high degree of identity (65.4%) in all the species for which sequence data are available. After this region, the sequences diverge. The human and baboon sequences remain similar until amino acid 501, where the baboon cDNA sequence has a 45-nucleotide stretch, coding for 15 amino acids, not found in the human sequence (Figure 8 ). The bovine and ovine sequences are nearly identical to each other throughout their sequences and to the baboon sequence up to amino acid 472. At this point, the baboon and human sequences contain 45 nucleotides (coding for 15 amino acids) not found in the cow and sheep sequence. The disparity between the hamster and mouse sequences and those of other species seems to be due to insertions beginning after amino acid 454. The disparities all lie within exon 11 of the human oviductal glycoprotein gene [U58001 to U58010 (Jaffe, 1996) ].
All of the oviductal glycoproteins sequenced to date also show similarity to a variety of chitinases classified as Family 18 glycosyl hydrolases. The similarity is particularly high in the region of the purported active site of the chitinases, with the notable exception of one or two amino acids believed to be essential for enzymatic activity (Arias et al., 1994). No chitinase-like activity has been reported for the oviductal glycoprotein (DeSouza and Murray, 1995a; Buhi et al., 1996; Jaffe et al., 1996) ; however, this region may still retain some of its sugar-binding properties and thus aid the association of the glycoprotein with the gametes .
Northern and slot blot analysis
A labelled baboon oviductal glycoprotein cDNA insert was used to probe a Northern blot containing total RNA from oviducts of oestradiol-treated and oestradiol-primed, then oestradiol plus progesterone-treated baboons ( Figure  10) . A single message of 2.4 kb was present in the RNA from the oestradiol-treated animal and absent in the progesterone-treated animal. This message is the same size as that of the human oviductal glycoprotein (Figure 10 ). In humans, the message was also present in oestradioldominated women and absent in progesterone-dominated women.
Slot blot analysis of total RNA from the fimbria, ampulla and isthmus of oestradiol-treated baboons was performed and normalized using β-actin . β-Actin was a suitable standard for normalization since it was found not to differ significantly between the various regions. The oviductal glycoprotein mRNA:β-actin mRNA ratio was not significantly different between fimbria, ampulla and isthmus. In samples obtained from oestradiol-primed, oestradiol plus progesterone-treated animals, no oviductal glycoprotein mRNA was detectable in any of the regions, but the level of β-actin was the same as in oestradiol-treated animals.
During the menstrual cycle, normalized oviductal glycoprotein mRNA levels appeared to be highest in the late follicular stage (days 8-14; Jaffe et al., 1996) . Oviductal glycoprotein mRNA was also detectable in oviducts from animals in the early follicular stage (days 1-17). After ovulation, when the progesterone concentrations are elevated, the concentrations of oviductal glycoprotein mRNA dropped and could not be detected in tissue from the late luteal stage. In the late follicular stage, there was no statistically significant difference among the regions. There did not seem to be a regional difference in the steadystate levels of the oviductal glycoprotein mRNA in other stages of the menstrual cycle.
Biological function
Clearly, the mature oviductal secretory cells of many mammals, including baboons and humans, and several domestic animals and rodents, synthesize and secrete a high molecular weight glycoprotein. Those which have been sequenced show high homology. A reasonable assumption is that oviducts of all mammalian species secrete a similar glycoprotein. This glycoprotein is present within the oviduct at the highest concentration at the time of ovulation, fertilization and early embryonic development.
Many questions concerning the potential role of the oviductal glycoprotein in the reproductive process remain unanswered. However, several observations are noteworthy. The most consistent finding among all of the species studied so far is that the glycoprotein associates with the zona pellucida and can also be detected within the perivitelline space of oviductal oocytes and embryos (Leveille et al., 1987; Boice et al., 1990b Boice et al., , 1992 Kan et al., 1990; Gandolfi et al., 1991; Buhi et al., 1993; Kan and Roux, 1995) . The association with the zona pellucida may be due to specific binding sites for the glycoprotein on a specific zona pellucida protein since other high molecular weight glycoproteins failed to compete with the oviductal glycoprotein for zona pellucida association (binding), and vigorous washings and extended incubations failed to reduce the association with the zona pellucida (Reuter et al., 1994) . The glycoprotein has also been reported to associate in vitro with the acrosomal region of the hamster (Boatman and Magnoni, 1995) and cow sperm. Clearly, the association of this glycoprotein with gametes suggests a potential role in early reproductive events and several studies support this contention.
The interaction of oviductal glycoprotein with spermatozoa may facilitate sperm capacitation. In one study , twice the number of spermatozoa were capacitated with bovine glycoprotein when compared to treatments containing both the glycoprotein and antibody to the glycoprotein. Also, cow spermatozoa capacitated in the presence of bovine oviductal glycoprotein showed an increased ability to fertilize bovine oocytes compared to spermatozoa incubated without glycoprotein or with both the glycoprotein and antibody. concluded that bovine oviductal glycoprotein facilitates sperm capacitation and significantly increases the ability of bovine spermatozoa to fertilize bovine oocytes. Additionally, bovine oviductal glycoprotein has been reported to increase sperm motility and viability (Abe et al., 1995b) .
Oviductal glycoprotein has also been reported to facilitate sperm penetration. Capacitated hamster spermatozoa incubated with follicular oocytes (not exposed to glycoprotein) in the presence of purified hamster oviductal glycoprotein had a penetration ratẽ 3-fold higher than the bovine serum albumin control (Boatman and Magnoni, 1995) . The hamster glycoprotein was shown to associate with both the oocyte and the spermatozoon, and therefore it was concluded that this glycoprotein enhances penetration and fertilization by altering both sperm and oocyte functional parameters.
Oviductal glycoproteins may also facilitate sperm binding to the zona pellucida. Using the hemizona assay and human oocytes, a 3-fold increase in the number of spermatozoa bound to the outer surface of the hemizona was observed when human oviductal glycoprotein was included in the incubation media, compared to the serum control . This effect was blocked when an antibody to the glycoprotein was included in the incubation. Substitution of baboon oviductal glycoprotein for human glycoprotein in this hemizona assay also prevented sperm binding to the zona. These data suggest an important role for the carbohydrate moieties in the biological activity since the human and baboon core proteins are ~93% identical. These data were recently confirmed in the hamster using ovarian oocytes (Schmidt et al., 1997) . Hamster oviductal glycoprotein increased hamster sperm binding to hamster ovarian oocytes 2-fold, whereas human oviductal glycoprotein in the same system significantly decreased hamster sperm binding to hamster ovarian oocytes. Clear documentation of the importance of the carbohydrate groups on this glycoprotein in the reproductive process would not be surprising, since carbohydrates are known to serve as the functional determinants (receptors) for mediating cell-cell interactions (Gahmberg et al., 1992) . This may include sperm and oocyte binding, since it is known that carbohydrate groups play a role in the species-specific nature of this interaction (Yanagimachi, 1977; Bleil and Wassarman, 1980; Miller et al., 1992) .
The oviductal glycoprotein discussed in this report is the major oviduct-specific secreted substance present in the mammalian oviduct at the time of ovulation, fertilization and early embryonic development. Oestradiol, in the absence of progesterone, controls the morphological and functional state of the secretory cell as well as the message for this glycoprotein in the primate. All studies pertaining to a biological function for this glycoprotein in the reproductive process suggest that the biological effect occurs prior to fertilization (sperm capacitation, motility and viability; sperm binding to the zona; zona penetration). Additional studies utilizing highly purified native or recombinant oviductal glycoprotein are needed to determine what that specific function(s) and mechanism are.
